A yellow-coloured, rod-shaped, non-motile, Gram-stain-negative and facultative anaerobic bacterium, designated KYW499
The genus Flaviramulus was described by Einen & Øvreås (2006) as a new member of the family Flavobacteriaceae and encompasses only two species with validly published names. The type species, Flaviramulus basaltis, was isolated from pillow lavas collected from the sea floor at a depth of 1300 m. The second species, Flaviramulus ichthyoenteri, was isolated from the intestine of a cultured flounder (Zhang et al., 2013) . During a study on microbial diversity of the seawater at Suncheon Bay, a yellow-pigmented flavobacterial strain, designated KYW499 T , was isolated and studied according to the minimal standards for the description of new taxa of the family Flavobacteriaceae (Bernardet, 2011) .
Strain KYW499
T was isolated from a seawater sample obtained from Suncheon Bay (GPS position; 34 u 509 000 N 127 u 309 000 E), Korea, using a standard dilution plating method on marine agar 2216 (MA; Becton Dickinson). The isolate was routinely cultured on MA and maintained as glycerol suspensions (20 %, w/v, glycerol) at 280 u C. Reference strains F. ichthyoenteri KCTC 32142 T , F. basaltis KCTC 23941
T and Gaetbulibacter lutimaris KCTC 23716 T were purchased from Korean Collection for type Culture.
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chun & Goodfellow, 1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple sequence alignments were performed using the CLUSTAL W program (Thompson et al., 1994) integrated using BioEdit software, version 7.2.5 (Hall, 1999) . Phylogenetic trees based on the neighbour-joining (NJ) and maximum-likelihood (ML) algorithms (Saitou & Nei, 1987; Felsenstein, 1993) were reconstructed using the PAUP* program, version 4.0b10 (Swofford, 2002) . The Kimura twoparameter model (Kimura, 1980) was chosen as a substitution model for NJ tree reconstruction. The robustness of the topology in the NJ phylogenetic tree was evaluated by bootstrap analyses based on 1000 resamplings (Felsenstein, 1985) . ML analysis was performed with parameters selected by the Akaike information criterion (Akaike, 1974) in Modeltest 3.7 (Posada & Crandall, 2001 ). The best-fit model GTR+I+G was chosen for ML tree reconstruction, conducted in PAUP* version 4.0b10 and using heuristic tree search with tree bisection-reconnection branch swapping and 100 random addition replicates. T formed a distinct clade within the genus Flaviramulus, but this grouping was not fully supported due to a low bootstrap value (Fig. 1) . The topology of the other phylogenetic tree reconstructed using ML was essentially the same (data not shown). On the basis of 16S rRNA gene sequence similarity data and phylogenetic inference, it is clear that the new isolate represents a novel species within the genus Flaviramulus.
Growth on various standard bacteriological media was tested using nutrient agar (Becton Dickinson), tryptic soy agar (Becton Dickinson), R2A agar (Becton Dickinson) and ZoBell's agar: 5 g Bacto peptone, 1 g yeast extract, 0.1 g ferric citrate and 15 g Bacto agar in 1 litre distilled water (ZoBell, 1941) . Cells of strain KYW499
T and two reference strains grown on MA for 3 days or cells in the exponential phase of growth in marine broth (MB) at 25 u C were used as an inoculum for the physiological tests. Cell morphology was observed with phase-contrast (TMS-F; Nikon) and scanning electron microscopy (S-4800; Hitachi). Motility was determined by examining wet mounts with phase-contrast microscopy (TMS-F; Nikon). Growth was assessed on MA at 4, 10-50 (at 5 u C intervals), 37 and 42 u C. Growth was assessed in MB adjusted to pH 4.0-10.0 (at 1 pH unit intervals) and 6.5 using 100 mM acetate buffer (pH 4-5), 100 mM NaH 2 PO 4 /Na 2 HPO 4 buffer (pH 6-8) and 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 9-10) (Yumoto et al., 2004) . Requirement and tolerance of sea salts (Sigma) or NaCl for growth was tested on ZoBell's agar (0-10 %, w/v, NaCl, tested at 1 % intervals). Anaerobic growth was tested on MA in a jar containing an AnaeroPak (Mitsubishi Gas Chemical), which works as an oxygen absorber and CO 2 generator, for up to 14 days at 25 u C and in thioglycolate medium (Becton Dickinson) supplemented with 2 % (w/v) sea salts. Acid production from carbohydrates was tested using phenol red broth base (Becton Dickinson) with the addition of 2 % (w/v) sea salts solution instead of distilled water and covered in a layer of mineral oil. Nitrate reduction was tested in MB containing 0.2 % KNO 3 (Tindall et al., 2007) . The production of flexirubin type pigments was investigated using the KOH test following 
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Mariniflexile gromovii . Evolutionary distances, generated using the Kimura two-parameter model (Kimura, 1980) are based on 1323 unambiguously aligned nucleotides. Bootstrap values greater than 50 % (1000 resamplings) for nodes conserved among NJ/ML analyses are shown (", ,50 %). Aquimarina agarilytica ZC1 T (FJ750453) was used as an outgroup. Closed circles indicate that the corresponding nodes were also recovered in trees reconstructed using the ML algorithm. Bar, 0.01 substitutions per nucleotide position.
Flaviramulus aquimarinus sp. nov. the minimal standards for the description of new taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . The presence of catalase activity was revealed by the production of oxygen bubbles by cells when mixed with 3 % (v/v) H 2 O 2 on a glass slide. The presence of oxidase activity was determined by oxidation of a 1 % (w/v) N,N,N',N'-tetramethyl-pphenylenediamine solution. Indole production was determined with Kovacs' indole reagent on SIM agar (Becton Dickinson) supplemented with 2 % (w/v) sea salts. Hydrogen sulfide (H 2 S) production was determined on Kligler iron agar (Becton Dickinson) supplemented with 2 % (w/v) sea salts. Hydrolysis of 2 % casein (skimmed milk; Becton Dickinson), 0.5 % CM-cellulose (Sigma), 0.5 % chitin (Sigma), 0.2 % starch (Becton Dickinson), 1 % Tween 20 (Sigma), 1 % Tween 80 (Sigma) and 1 % xylan (Sigma) was tested using MA according to Smibert & Krieg (1994) . Decomposition of 0.5 % hypoxanthine (Sigma), 0.5 % L-tyrosine (Sigma) and 0.4 % xanthine (Sigma) was tested using MA according to Gordon et al. (1974) . Hydrolysis of 0.1 % (w/v) aesculin (Sigma), 1 % (w/v) gelatin (Sigma) and 2 % (w/v) urea (Sigma) were determined as described by Lányí (1987) with the modification of 2 % (w/v) sea salts solution used instead of distilled water. DNase activity was determined with DNase test agar (Becton Dickinson) supplemented with 2 % (w/v) sea salts. Other biochemical tests and enzyme activities were performed using the API 20NE and API ZYM kits (bioMérieux). Antibiotic sensitivity was determined by the disc diffusion method using commercially available discs (BBL Becton Dickson) impregnated with the following antibiotics (mg per disc unless otherwise stated): amikacin (30), ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin G (10 IU), streptomycin (10) and vancomycin (30). After 7 days at 25 u C on MA, the results were interpreted according to the guidelines set forth by the CLSI (2009).
Cells were Gram-stain-negative and non-motile. Cells in the exponential phase of growth were rod-shaped, with a diameter of 0.3-0.4 mm and a length of 1-3 mm (Fig. S1a , available in the online Supplementary Material). As cultures aged, cells degenerated into spheroplasts ranging from 0.2 to 0.5 mm in diameter (Fig. S1b) . Cells in the stationary phase of growth were pleomorphic with lengths ranging from 1 to 40 mm (Fig. S1b, d ). Flexirubin-type pigments were not detected. Physiological, morphological and biochemical characteristics are described in Table 1 and in the species description.
For cellular fatty acid analysis, strains KYW499
T and the two reference strains were grown on MA and harvested during the late exponential growth phase, i.e. after 3 days at 25 u C. Extraction of fatty acid methyl esters and separation by GC were performed using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. Cells grown in MB for 2 days at 25 u C were harvested and freeze-dried for the extraction of polar lipids and isoprenoid quinones. Polar lipids were analysed by standard procedures (Minnikin et al., 1984) . Extracted lipids were separated by twodimensional TLC and identified by spraying with the appropriate detection reagent (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Isoprenoid quinones were extracted and purified according to the method of Minnikin et al. (1984) and analysed by TLC as described by Collins (1994) . For genomic DNA G+C content calculations, the DNA sample was prepared in triplicate and determined by the thermal denaturation method of Marmur & Doty (1962) .
The fatty acid profiles of strain KYW499 T are described in Table 2 . The predominant fatty acids (.10.0 % of total fatty acids) were iso-C 15 : 0 (18.4 %), iso-C 15 : 1 G (15.7 %), iso-C 17 : 0 3-OH (14.2 %) and iso-C 15 : 0 3-OH (12.7 %), as per other members of the genus Flaviramulus. However, strain KYW499
T had a higher proportion of iso-C 15 : 0 compared to other species of the genus Flaviramulus and a lower proportion of anteiso-C 15 : 0 compared to G. lutimaris KCTC 23716 T ( Table 2 ). The predominant polar lipids were phosphatidylethanolamine and two unidentified polar lipids; a smaller amount of two unidentified aminolipids and one unidentified phospholipid was also detected. The main polar lipid pattern was similar to that described for the genus Flaviramulus (see Fig. S2 ). The only isoprenoid quinone was MK-6, in accordance with all members of the family Flavobacteriaceae (Bernardet et al., 2002) . The genomic DNA G+C content was 31.7 mol%.
Phenotypic examination revealed many common traits between the novel strain and its closest relatives, F. ichthyoenteri KCTC 32142 T and F. basaltis KCTC 23941 T . However, strain KYW499
T could be clearly differentiated from species of the genus Flaviramulus by its absence of motility, DNA degradation, higher content of the main fatty acid iso-C 15 : 0 and its enzyme activities of N-acetyl-bglucosaminidase, a-chymotrypsin, esterase (C4), esterase lipase (C8) and trypsin. Strain KYW499 T differed from G. lutimaris KCTC 23716 T in the aspect of oxidase, acid phosphatase, cystine arylamidase, esterase (C4) and naphthol-AS-BI-phosphohydrolase activities, acid production from lactose and maltose, hydrolysis of tyrosine and Tween 20 and its proportion of anteiso-C 15 : 0 . It is proposed that strain KYW499
T represents a novel species belonging to the genus Flaviramulus, with the name Flaviramulus aquimarinus sp. nov.
Description of Flaviramulus aquimarinus sp. nov.
Flaviramulus aquimarinus (a.qui.ma.ri9nus. L. fem. n. aqua water; L. adj. marinus, -a, -um marine; N.L. masc. adj. aquimarinus living in sea water).
Cells are Gram-stain-negative, facultative anaerobic, nonmotile rods approximately 0.3-0.4 mm in diameter and 1-3 mm in length. As cultures age, cells degenerate into spheroplasts and become pleomorphic with lengths up to 40 mm. Colonies on MA are circular with convex, entire margins, smooth, opaque, yellow-coloured pigments and measure approximately 1.0-2.0 mm in diameter after 3 days at 25 u C (pH 7). Growth occurs at pH 6.5-8 (optimum pH 7) and 4-30 u C (optimum 25 u C). Requires 1-5 % (w/v) sea salts (optimum 2-3 %, w/v, sea salts) for growth and cannot grow on ZoBell's medium lacking sea salts but supplemented with NaCl. Flexirubin-type pigments are absent (KOH test-negative). Catalase-and oxidase-positive.
Nitrate is not reduced to nitrite. Acid is produced from glucose, galactose and mannose. Aesculin and tyrosine are hydrolysed, but casein, chitin, CM-cellulose, DNA, gelatin, hypoxanthine, starch, Tween 20, Tween 80, urea, xanthine and xylan are not. In the API ZYM gallery cells are positive Erythromycin ( Flaviramulus aquimarinus sp. nov.
for acid phosphatase, alkaline phosphatase, leucine arylamidase, valine arylamidase and naphthol-AS-BI-phosphohydrolase, but negative for N-acetyl-b-glucosaminidase, cystine arylamidase, a-chymotrypsin, esterase (C4), esterase lipase (C8), a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase and trypsin. Cells are sensitive to: ampicillin, chloramphenicol, erythromycin, nalidixic acid and penicillin G but resistant to amikacin, gentamicin, kanamycin, streptomycin and vancomycin. The predominant fatty acids (.10.0 % of total fatty acids) are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 15 : 0 3-OH. The major isoprenoid quinone is MK-6. The main polar lipids are phosphatidylethanolamine and two unidentified lipids with small amounts of two unidentified aminolipids and an unidentified phospholipid.
The type strain is KYW499 T (5KCTC 23924 T 5JCM 18274 T ), isolated from a seawater sample of Suncheon Bay, Korea. The genomic DNA G+C content is 31.7 mol%. 
